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Abstract

Two strains of the rotifer Brachionus plicatilis (L-type) differing in the levels of mictic female and male
production, were grown in batch cultures with the alga Nannochloropsis gaditana as food, at two low (2.5
and 10%,), and two high (40 and 50%,) salinities. While both the low (strain S-1) and the high (strain
S-3) sexual reproducing strains developed similar growth cycles at 2.5 and 10%,, the population growth
response at 40 and 50%, showed that; 1)in strain S-1, mixis can be suppressed in conditions that still
allow asexual reproduction, and 2) in strain S-3 mictic female and male production are possible at nearly
zero asexual population growth rates. In strain S-3, a double log linear relationship between the den-
sities of males and females was found. These results show that mixis can occur over a wide ranges of
female population density, and support the hypothesis that sexual reproduction is a strain dependent
component of the general reproductive response.

Introduction

The rotifer Brachionus plicatilis reproduces both
sexually and asexually as other monogonont ro-
tifers. Two types of females can be distinguished;
the amictic which through ameiotic parthenogen-
esis produces diploid eggs that hatch into mictic
or amictic females, and the mictic female whose
oocytes undergo meiosis and if unfertilized hatch
parthenogenetically into haploid males (Birky &
Gilbert, 1971; Gilbert, 1974, 1977). It is consid-
ered that the first step in the shift from asexual to
sexual reproduction is the production of the mic-
tic female, this event has been found to be con-
trolled in Asplachna by tocopherol (Gilbert, 1980)
and by photoperiod in Notommata (Pourriot &
Clément, 1981). In Brachionus a clear-cut rela-

tionship of mictic female production and popu-
lation density was demonstrated by Gilbert (1963)
in B. calyciflorus. In B. plicatilis, Lubzens et al.
(1980) reported sexual reproduction to occur at
salinities lower than that of the full strength sea
water, and related later (Lubzens ezal., 1985)
mictic female production to asexual population
growth rates that were salinity dependent. Algal
quality effects on mixis in B. plicatilis were com-
municated by Ben-Amotz & Fishler (1982) and
Lubzens & Minkoff (1988); the latter authors
concluded that mixis is genetically determined
and environmentally modulated. Snell (1986)
found sexual reproduction to be more severely
restricted than asexual reproduction by environ-
mental extremes of food, temperature and salin-

ity, and concluded that sexual geproduction must
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not be only a phenomenon of induction, but a
repressible event. Later, Snell & Boyer (1988)
also determined the threshold values for induc-
tion or repression of sexual reproduction by fac-
tors such as food levels, ammonia and population
density. Furthermore, they found amictic popu-
lation growth rates to act as a trigger of mictic
female production, and concluded that mixis is a
component of general reproduction, its environ-
mental regulation depending on induction and re-
pression.

In the present work, we investigated the B. pli-
catilis population growth response with its sexual
and asexual components at low and high salinity
levels.

Material and methods

Two strains of the L type of B. plicatilis O. F.
Miller isolated from saltmarshes near Cadiz
(South of Spain) were used. The strain S-1 was
isolated in February, 1974 and maintained since
then in the Instituto de Ciencias Marinas de An-
dalucia (CSIC) in Cadiz. The strain S-3 was iso-
lated in November, 1990 They differ widely in the
levels of mictic female and male production, S-3
showing consistently higher levels than S-1.

The alga used as food was the euryhaline
eustigmatophycean Nannochloropsis gaditana Lu-
bian (B-3 strain, Lubian & Yufera, 1989). Natu-
ral seawater (35-379%, salinity) was collected near
the shore at Cadiz, filtered through 1 um glass
fiber filter, and used to prepare the experimental
culture salinities of 2.5, 10, 40, and 50%, by either
diluting with deionized water or by concentrating
through evaporation. Enriched culture medium
(f/2) was prepared according to Guillard & Rhyter
(1962). Algae and rotifers were maintained at
25 °C and continuous illumination using daylight
fluorescent lamps (2500 lux). Rotifers were pre-
viously acclimated at each experimental salinity
for at least two weeks prior to experiments.

Population growth experiments were initiated
by inoculating rotifers (initial density 1-5 rotifers
ml~ ')into algal cultures in the log phase of growth
at non limiting cell densities (18-22 x 10° cells

ml~'). Cultures were performed in 500 ml glass
flasks (three replicates), stirred by aeration and
the rotifers were allowed to grow without any
renewal of the medium or of the food resource,
until they consumed it and completed a growth
cycle. Salinity was periodically monitored with a
Shibuya S-10 refractometer and maintained con-
stant by adding small amounts of deionized water.
Rotifer densities was determined by daily counts,
under a stereomicroscope of a 5 or 1 ml (depend-
ing on density) live sample from each of the three
replicates. The number of females without eggs,
females with amictic eggs, females with haploid
mictic eggs, and males was recorded separately in
each sample.

According to Snell (1986), the exponential
growth rate of the female population measures the
asexual growth rate, and that of the males the
sexual growth rate. Thus, the asexual growth rate
of rotifers was calculated as the slope of the semi-
log plot of female density (total number of fe-
males) versus time during the exponential phase,
and the sexual growth rate was estimated from a
similar calculation for the males.

Results

The general pattern of population growth of
B. plicatilis S-1 and S-3 strains at the low (2.5 and
10%,) and high (40 and 509%) salinities is shown
in Fig. 1. The pattern at the lower salinities is
essentially the same as that reported by Ito (1960).
It develops as expected in a food-limited system,
with a rapid exponential growth followed by a
sharp decrease in numbers caused by starvation
resulting from the depletion of the food resource.
The growth cycle includes mictic and amictic re-
production, with the levels of the former being
higher in the S-3 strain. However, strain S-1
showing lower levels of sexual reproduction, grew
faster and had a shorter growth cycle (Fig. 1; Ta-
bles 1 and 2).

In the cultures at the higher salinities (40 and
50%.) the pattern of population growth shows low
or zero growth rates with a prolonged stationary
phase. This phase may a last for twenty or more

L

4;.-_—_-")-



141

10°
2.5 25
101 10!
10 10
1 A 1
)
[
A \
10 'ty e 107
: ! ! ! ! ' 2

10

10

INDIVIDUALS / ml.

e .., / - [:A \"
N ’\: \ }\
‘\v/ ! l\ \,I‘ ‘l‘ ~ _', \
o AVEER \\
’ Y .
\ o Y \!
\n ARV el R
- \ R AV N
WO ey 10 7T Y Ty T T T T
0 5 10 15 20 25 (o] 5 10 15 20 25

TIME (days)

Fig. 1. Population growth cycles of Brachionus plicatilis in batch cultures at different salinities showing the total number of females
(solid lines), females with amictic eggs (broken lines, long), females with mictic eggs (broken lines, short), and males (dotted lines).
The salinities (%,) are shown on the top right of each graph. The results for strain S-1 are shown by the left hand graphs and

those corresponding to the S-3 strain, on the right side. Each graph corresponds to one of three replicatgs. :
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Table 1. Growth rates for sexual and asexual reproduction in
S-1 strain at different salinities.

Salinity (%) K(d~') SE@" K/ SE
2.5 0.456 0.012 0.251  0.041
10 0.491 0.005 0.336  0.004
40 0.294 0.010 -
50 0.000 0.006 NM

K: growth rate for female population.

K': growth rate for male population.

SE: standard errors. .

Labels are: negative value; NM: no males were produced.

days; in some of the replicates it lasted for more
than one month. Furthermore, an important dif-
ference appears between the two strains at high
levels of salinity. Whereas in the S-1 strain, fe-
male and male production is depressed at 40%,
and completely inhibited at 50%,, the S-3 strain
is able to produce lower, but still substantial lev-
els of mictic females and males over many days
(Fig. 1; Tables 1 and 2).

The relationship between the density of males
to‘that of females (Pozuelo, 1977) can describe
the sexual reproduction response. This is shown
in Fig. 2, for the high male producing S-3 strain,
at the four tested salinities, showing a double-log
linear relationship.

Discussion

The observed variations in asexual reproductive
rates at the four salinities tested in the course of
the present study are in general agreement with
those previously reported in the literature for

Table 2. Growth rates for sexual and asexual reproduction in
5-3 strain at different salinities.

Salinity (%o) K SE K’ SE

25 0.416 0.057 0.580 0.100
10 0.325 0.342 0.682 0.075
40 0.189 0.049 0.116 0.030
50 0.000 0.081 0.000 0.048

Symbols as in Table 1.
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Fig. 2. The pattern of male production in Brachionus plicatilis
(strain S-3) described by the relationship between population
density of males and that of females. Points are pooled data
of three replicates for each of the four salinities tested. Stars:
2.5%,, Triangles: 10%,, Open circles: 40%,, Closed circles:
50%o.

B. plicatilis, with faster rates at low or intermedi-
ate salinities, showing optimum values at salini-
ties ranging between 2 and 20%, (Ito, 1960; Pas-
cual & Yufera, 1983; Lubzens eral, 1985;
Ruttner-Kolisko, 1972). Our results, with the
highest reproductive rates at 10%, are similar to
that reported by Lubzens ef al. (1985). However,
our figures are consistently lower possibly due to
the different conditions of culture. In our exper-
iments we used batch cultures in 500 ml flasks,
stirred by air bubbling, while those reported, were
maintained in 50 ml flasks on a rotating shaker
and had the media renewed periodically.

At high salinities the population growth curve
shows a stationary phase resulting from a equi-
librium between the algae and the rotifers, until
the food resource is finally depleted, ending the
rotifer growth cycle. Clearly, the equilibrium de-
pends on both the lower rates of food consump-
tion and reproduction. It is known that food in-
take is depressed at high salinities (Hirayama &
Ogawa, 1972; Yamasaki & Hirata, 1985). The
reproductive rates depend on birth and death
rates, and the decrease caused by the high salin-
ities has been reported as due to a decrease in
fertility and survival, the effect of salinity on r

being dependent on genotype (Miracle & Serra,
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1989). While the appearance of the stationary
phase at the high salinities is a common feature
to both strains (S-1 and S-3), they differ in the
production of mictic females and males. This was
severely depressed (40%,) or completely sup-
pressed (50%,) in strain S-1, but was maintained
in strain S-3, and developed into a stationary
pattern similar to that of the asexual reproduc-
tion, showing first that mictic female and male
production are possible at nearly zero asexual
population growth rates (strain S-3), and secondly
that mixis can be suppressed in conditions of high
salinity that still allow asexual reproduction to
occur (S-1 strain). High salinity appears as a fac-
tor that depresses both the sexual and asexual
components of reproduction, leading to the dis-
appearance of sexuality first in strains of low mic-
tic level. The males to females density relation-
ship shows that mixis, if expressed, follows a
quantitative pattern similar to that of asexual re-
production. A possible explanation for this is that
mixis and asexual reproduction may have in com-
mon some causal mechanism.
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